" UNITED STATES
DEPARTMENT OF THE INTERIOR °
~BUREAU OF RECLAMATION

HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY .

DAM SPILLWAY--SAN LUIS UNIT--WEST SAN JOAQUIN

DIVISION--CENTRAL VALLEY PROJECT, CALIFORNIA

Report No. Hyd-517

- Hydraulics B_g:a'nch
DIVISION OF RESEARCH

OFFICE OF CHIEF ENGINEER
" DENVER, COLGRADQ

November 2, 1361




CONTENTS
Page
Abstract ............... e e e e e iii
e PUrDOSE o i it e e e et 1
Conclusions . ... ... .t eeiirnrronnans e e 1
Acknowledgment ........... ... ... . il 2
. Introduction ... ... ... i i e e 2
The Model ..ot i et e e ittt it iis et iaennns 3
SCOPE .ttt iie e ne i i e 3
2= o 5 5 3
Morning Glory Inlet .......... et e e 3
Vertical Bend and Conduit .............. .. oL, 3
The Investigation ................ e e . 4
Preliminary Inlet and Vertical Bend .................. 4
Inlet and Vertical Bend Modifications ................. 6
Recommended Inlet and Vertical Bend . ................ 7
Stilling Basin Tesi:Procedures ...............c.cou.n. 9
Preliminary Transiticn and Stilling Basin ............. 9
First Modification to the Stilling Basin ................ - 10
Second Modification to the Transition and Stilling
= 1= 7= 1 « RS 11
Recommended Stilling Basin  ................ e 12
Table
7 Dimensions of Hydraulic Features ...................... 1
Figure
R San Luis Dam and Forebay Dam--Location Map .......... 1
San Luis Dam and Forebay Dam—-Genpral
o Plan and Sections .............. . A S e 2
v, . » . : .
_‘ * N




CONTENTS--Continued

San Luis Forebay Dam--Plan and Sections

San Luis Forebay Dam--Spillway Plan Profile, and
Sections . ."

San Luis Forebay Dam--Spillway Inlet Structure

San Luis Forebay Dam--Spﬂlway Chute and Stilling
Basin

1:21, 91 Scale Model

Preliminary Inlet and Stilling Basin

Flow in the Preliminary Inlet

Flow in the Preliminary Vertical Bend

Discharge and Coefficient Curves

Pressures in the Preliminary Junlet and Vertical Bend _ |

Discharge and Coefficient Curves for the Recommended
Design

Flow in the Recommended Inlet Approach Area

Flow in the Recommended Inlet

Flow in the Recommended Vertical Bend

Flow in the Recommended Conduit

Pressures in the Recommended Inlet

Pressures and Flow Depths in the Recommended Vertlcal
Bend and Conduit

Flow and Erosion in the Preliminary Basin

Pressures in the Preliminary Transition Sectlon
and Stilling Basin

Flow and Erosion in the First Modified Basin

Water Surface Profiles in the First Modified Basin

Flow and Erosion in the Second Modified Basin

Pressures in Preliminary Transition and Chute, Second
Modified Basin, and Recommended Basin .

Chute Block Pressures in the Second Modified Basin

Chute Block Pressures vs., Enirance Veloc11:y in the
Second Modified Basin

Flow and Erosion in the Recommended Basin .




ABSTRACT

Model studies were conducted to develop the hydraulic design of the
morning glory inlet and its approach, the vertical bend, the hori-
zontal conduit, and the stilling basin. The diameter of the morning
glory inlet and conduit was increased to accommeodate the design
flow at maximum reservoir elevation. - A deflector, air vent, and
guide vanes were installed in the vertical bend to direct the flow to
the invert of the conduit and to reduce the oscillation of the flow
through the conduit. The size of the stilling basin was increased
and the end sill modified to ehmmate the need for mtermedlate
baffle piers.

DESCRIPTORS--—*Spillwa?(s/ splllway crests/discharge coefficients/
hydraulic conduits/bends ydrauhc models /piezometers/ “Stll].lng

basins/guide vanes/hydraulic jumps/ hydrauhc similitude

IDENTIFIERS--*Morning glory 1nlets/subatmospherlc pressures/
conduit deﬂectors/bafﬂe blocks
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HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM
SPILLWAY --SAN LUIS UNIT--WEST SAN JOAQUIN DIVISION
CENTRAL VALLEY PROJECT, CALIFORNIA

PURPOSE
The studies were conducted to develop the hydraulic design of the
spillway approach, the morning glory inlet, the vertical bend, the
horizontal conduit, and the stilling basin.

CONCLUSIONS

1. Flow in the preliminary approach to the splllway inlet was
satisfactory (Figure 14).

2, The diameter of the preliminary morning glory inlet structure
and conduit was increased 11.89 percent to accommodate the design
flow,

3. A deflector and air vent were installed on the crown side of the
vertical bend (Figure 5) to steady the flow and provide a positive

point from which the flow would spring from the crown of the conduit.

4, Guide vanes were placed on either side of the tunnel crown
between the deflector and a point 42 feet downsiream from the P, T,
of the bend to reduce the flow oscillations through the conduit,

5. Pressures were near atmospheric or above in the modified inlet,

vertical bend, and conduit,

6. A standard Type II stilling basin which was 10 feet longer than
the preliminary basin was developed to eliminate the possibility
of low pressures occurring on the floor baffles,

7. The height of the basin walls was increased 1 foot to contain
the waves within the basin.
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raphy was by Mr. W, M. Batts, Office Services Branch.

8., The moc"ified stilling basin will adequately accomodate the
design dlscharge with a minor amount of erosion in the downstream
channel.
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INTRODUCTION

San Luis Forebay Dam, as a part of the San Luis Unit of the West
San Joaguin Division of the Central Valley Project, is located on
San Luis Creek about 70 miles northwest of Fresno, California
(Figure 1), The purpose of the unit is to store and utilize during
the irrigation season wintertime water which otherwise would waste
into the Pacific Ocean. -

The dam (Figures 2 and 3) is an earthfill structure approximately
10, 000 feet long at the crest and about 70 feet high above the
wasteway streambed. It will have a3 maximum reservoir area of
approximately 2, 000 acres with & reservoir capacity of approxi-
mately 57, 500 acre-feet. Its principal feature is a pumping plant
with & normal capacity of 4, 200 cfs (cubic feet per second).

The spillway, designed for a maximum discharge of 3, 250 cfs, is
located in the left abutment of the dam (Figure 4). It has a morning
glory type of inlet (Figure 5) that discharges into a vertical bend,
which joins a nearly horizontal conduit whose invert at the P. T. of
the bend is 60 feet below the crest. The conduit is 11 feet 9 inches
in diameter and slopes downward on a grade of 0. 02137 for a dis-
tance of 327,98 feet to a chute. The chute curves downward and
discharges the flow into a stilling basin (Figure 6), The basin floor
is 12 feet lower than the invert of the conduit exit portal. The
stilling basin discharges tie flow into an excavated trapezoidal .
channel. .

Dimensions of the hydraulic features are listed in Table 1 for both .
English and metric units,

L




THE MODEL
Scope

The model {Figure 7}, as originally constructed, was a 1:21.91
scale reproduction of the spillway inlet, the vertical bend, the _
horizontal conduit, and the siilling basm A portion of the reser-
voir surrounding the inlet and a short length of the wasteway from
the stilling basin were included in the model. During the course

of the model study the inlet, vertical bend, and horizontal conduit
were increased in size to meet certain design requirements. The
model dimensions of these parts wera not changed; therefore, this
portion of the model study was based on 1:24, 52 scale ratio. '

Reservoir

The reservoir was contained in a 18- by 16-foot head box (Figure 7}
which allowed reproduction of the reservoir for approximately 150 feet
to the right and left of the inlet-and approximately 350 feet upstream
from the face of the dam. The upstreamface of the dam and the ex-
cavated approach area including the canal from the pumping plant were
molded of concrete mortar placed on metal lath which had been nailed
over wooden templates shaped to the surface contours. A 6-inch

rock baffle was installed along the reservoir side of the approach

area to smooth the water surface and distribute the inflow.

The reservoir water surface elevation was measured by means of
a hook gage mounted within a well attached to the side of the box
and connected to a piezometer tap located in the floor of the canal
to the pumping plant. At this location the velocity of approach was
negligible, .

Morning Glory Inlet

The inlet was molded of concrete screeded to sheet metal templates.
Piezometers were installed in the spillway crest and consisted of
1/16-inch~inside -diameter brass tubes soldered at right angles

to the profile shape and filed f'lush :

Vertical Bend and Condult

The vertical bend and conduit were constructed of transparent plas--
tic. The conduit was made from 5-3/4-inch-inside-diameter ex-
truded pipe. This governed the scale of the model. Plastic piezom-
eters having a 1/16 inch inside diameter were installed in critical-
areas.




THE INVESTIGATION

The investigation was concerned with flow conditions in the inlet,
vertical bend, horizontal conduit, and stilling basin for flows up
to and including the designed maximum discharge of 3, 250 cfs
(originally 3, 600 cfs).

Preliminary Inlet and Vertical Bend

;ﬁs

Description. --The morning glory inlet was located in an

vated level area near the left abutment of the dam (Figure 3).

Its crest was 10 feet above the surrounding level bench. An,
excavated canal from the outlet structure of the Forebay PUmp-
ing Plant crossed through the bench to the left of the inlet. The
preliminary inlet and vertical bend (Figure 8) did not include a
deflector, air vent, or guide vanes. It was anticipated that these
would be required but that they should be developed by means of
the model study.

Flow characteristics. --The flow approached the inlet in a very
smooth and tranquil manner for all discharges. However, the
flow currents approaching the inlet from the left and right opposed
each other along a plane approximately 90° to the left of the spill-
way centerline, This caused a fin of water to form deep in the
throat of the inlet (Figure 9A), This fin of water was larger than
the normal wrinkling of the water surface that formed arcund the
remainder of the throat circumference. Traveling waves were
imposed upon the wrinkled water surface when wind waves were
simulated in the model reservoir.

For a flow of 3, 600 cfs the throat filled and a boil formed in
the inlet (Figure 9B). The elevation of the boil fluctuated, but
the boil did not rise to a height to submerge the crest.

In the vertical bend (Figure 10) the flow currents spiraled
slightly and thin sheets of water crossed over the crown, As

a result, the flow oscillated from side to side in the horizontal
conduit. The oscillating flow was more pronounced when waves
were generated in the reservoir. For a flow of 3, 600 cfs the
flow through the vertical bend and horizontal conduit was un-
steady; i.e., portions of the conduit momentarily filled and then
became vented by air from the inlet. The choking of the inlet
throat hindered the norrmal free flow of air through the inlet
and conduit, These conditions indicated that a deflector with
air vent was needed to provide a positive point from which the
flow would spring from the crown of the conduit, and that guide
vanes were needed to reduce the oscillations and maintain a
more uniform water surface in the conduit.




Calibration, --Calibration of the preliminary design, Figure 11,
showed that the original design flow of 3, 600 cfs was discharged
at 0, 37 foot above maximum reservoir elevaticn 228. 00 and that
only 3, 000 cfs would be discharged at the maximum reservoir
elevation. These results indicated that the crest length and the
inlet diameter should be increased approximately 20 percent.

Submergence. -~The morning glory inlet submerged at approxi-
mately reservoir elevation 228. 75 with a discharge of about
4,200 cfs. At submergence the discharge coefficient, Figure 11,
was 3.57 as compared to 3.50 at reservoir elevation 228. 00,
After submergence the coefficient dropped rapidly to about 1,10
and the reservoir rose abruptly to approximately elevation

233, 00 before the conduit filled completely. After the conduit
filled the flow was steady, and the discharge increased at a
faster rate per unit increase in reservoir elevation.

Pressures. --Pressures (Figure 12) were subatmospheric in

the lower region of the crest profile and along the crown of the
vertical bend. Water manometer pressures on the crown of

the vertical bend fluctuated between approximately 15 and 20
feet of water below atmospheric at a discharge of 3, 600 cfs,

The fluctuation was due to the unsteady flow condition previously
described. As the flow approached a submerged condition, the
degree of pressure fluctuation diminished. At 4,200 cfs the
crest became submerged and the pressures were steady

For a discharge of 1, 800 cfs the pressures in the lower region
of the inlet and in the vertical bend were steady and reached a
minimum of about 5 feet of water below atmospheric {Figure 12),
Pressures on the upper portions of the inlet profile were slightly
above atmospheric., These pressures indicated that the inlet
profile was a little too flat in the upper region and curved down-
ward a little too rapidly in the lower region for uniform atmos-
pheric pressure to exist on the complete profile. Both Creager,
Justin, and Hindsl/ and Wagner2/ indicate that the theoretical
profile of the crest should curve more steeply than the deslgn
profile in the upper region and less steeply in the lower region.
Due to the low head-to-crest radius ratio (approximately 0,11),.
the theoreticeal profile of the crest was not tangent to the P.C.

of the vertical bend. Therefore, it was necessary to deviate

1/Creager, Justin, and Hinds, "Engineering of Dams Volume I,

General Design.'

2 {Paper No. 2802 ASCE Transactions, Volume 121, 1956, page .311
Morning-glory Shaft Splllways Symposmm Determmatlon of Pressure- ,
controlled Profiles,' by William E. Wagner, M ASCE,




from the theoretical profile in order to bring the design profile
tangent at the P. C, of the vertical bend. The elevation of the
P.C, of the vertical bend was fixed within narrow limits by the
elevation of the near horizontal conduit and stilling basin.

Inlet and Vertical Bend Modifications

Initially, it was planned to raise the allowable maximum reservoir
elevation 0. 37 foot to elevation 228, 37 in order to discharge the
anticipated flow of 3,600 cfs. It was thought that only modifications
to the vertical bend and conduit might be required to insure smooth,
steady flow through the conduit without the conduit flowing more than
0.8 full and without the presence of severe subatmospheric pressures.
Several schemes were tested.

Three-, six-, and nine-inch deflectors installed at the P.C. on the
crown side of the vertical bend were found to be infeasible because
they constricted the flow area and limited the discharge to less than
3,600 cfs at reservoir elevation 228. 37 (Figure 11), The 9-inch
deflector insured steady, free-surface flow through the conduit but .
limited the maximum flow to approximately 3,100 cfs at reservoir
elevation 228, 37. The 3- and 6-inch deﬂectors in addition to
limiting the maximum flow, did not insure free- sur-fece flow.

The vertical bend was lowered 2 feet by installing;_a 2 -foot tangent

length of conduit between the morning glory throat and the P, C. of
the bend. This increased the flow only a negligible amount.

‘Next, a deflector was installed tangent to the crown of the vertical
bend and ended at the P. T. where it projected downward 12 inches
toward the center of the conduit. An air vent was placed at the
downstream end of the deflector. With this deflector the maximum
free flow over the crest was 3, 600 cfs at reservoir elevation 228. 37
(Figure 11), However, this deflector was not large enough to in-
sure steady, free-surface flow through the conduit for the maximum
anticipated flow of 3, 600 ¢fs and the subatmospheric pressures on
the crown of the bend were not reduced. A 24-inch deflector at the
P.T. of the crown of the bend caused the throat of the inlet and
vertical bend to fill and reduced the flow at maximum reservoir
elevation 228, 37 to approximately 3, 350 cfs (Figure 11). The dis-~
charge was increased to 3; 400 cfs by placing a 2-foot tangent length
of vertical conduit between the throat of the morning glory and the
P.C. of the vertical bend (Figure 11), Since the vertical bend
flowed full, the subatmospheric pressures that had been noted on
the crown of the bend upstream of the deflector were reduced. How-
ever, at about 3, 200 cfs the pressures fluctuated from about 3 feet
of water below atmospheric to about 12 feet above. For discharges
above 3,200 cfs, the pressures were fairly steady at about 8 feet

of water below atmospheric, '




At this stage of the investigation, the de51gn flood was rerouted :
thrOugh the reservoir and it was determined that the required max-.
imum splllway discharge could possibly be reduced to 3,210 cfs

at reservoir elevation 228,26, This requirement could be met
easily with a 24-inch deflector at the P. T. of the bend but not

with a 9-inch deflector at the P, C, (Figure 11),- A smaller deflec-
tor at the P.C. met the discharge requirements but was too small .
to adequately deflect the flow from the crown of the conduit.

Additional capacity and pressure tests of the inlet were made with
the vertical bend removed. This arrangement simulated the inlet
discharging into a fully vented vertical bend having a diameter
larger than the inlet throat diameter. With this arrangement, the
discharge at the revised maximum reservoir elevation 228.26 was
approximately 3, 450 cfs (Figure 11), which was 240 cfs more than
the revised requirement of 3,210 cfs and 150 cfs less than the
originally anticipated flow of 3, 600 ¢fs. For 3,600 cfs pressures

on the crest profile were above atmospheric but fluctuated consider-
ably (Figure 12).

This design was not considered further since extensive revisions
to the vertical bend and conduit would be required to develop good
flow conditions. Instead, it was decided to increase the size of
the structure to increase the capacity to 3,600 cfs at reservoir
elevation 228, 26.

Recommended Inlet and Vertical Bend

Descriptibn, --The diameters of the inlet, vertical bend, and
conduit were increased 11.9 percent to attaln a discharge of
3,800 cfs at reservoir elevation 228,26. The outside diameter
of the inlet was increased from 54 to 60.5 feet and the conduit
diameter from 10.5 to 11,75 feet (Figures 4 and 5). The crest
elevation remained the same but the P, T. of the invert of the
vertical bend was lowered 8. 4 feet to elevation 165. 00, which
changed the slope of the conduit. A 27-inch deflector was ex-
tended vertically downward from the P.C. of the crown of the
vertical bend. An air vent was installed below the deflector.
Guide vanes were placed along the crown of the conduit and
extended from the downstream corners of the deflector, through
the vertical bend, and for a distance of 42.48 feet into the con-
duit. The 2-foot-wide undersurfaces of the vanes were tilted
downward 4 inches to intercept and turn-the spinning sheets of
water downward toward the center: of-the conduit. Intaketo the
air vent was thrOugh a p1er located on the crown 51de of the
circular crest.

Rather than reconst#ﬁct the model, thd model scale was increased
11,9 percent from 1:21,91 to 1:24, 52 for completion of the inlet,




vertical bend, and conduit tests. However, the slope of the

tunnel was revised from 0. 035 to 0. 02137 since the station and

elevation of the exit portal was not revised in accordance with
- the 11.9 percent.

Calibration. --The dlscharge capac1ty of the revised inlet was
3,610 cfs at reservoir elevation 228,26 (Figure 13), At this .

stage of the study, it was learned that a much larger quantity
of material would be excavated from the reservoir area for the
construction of San Luis Dam than originally anticipated. This
excavation sufficiently increased the storage capacity of the
reservoir to reduce the required design discharge to 3, 250 cfs

- at‘reservoir elevation 228, 00, Calibration of the model spill-
way showed the capacity to slightly exceed this requirement
(Figure 13). The discharge coefficient in the equatlon Q= CLH3/2
was approximately 3.45 at 3,250 cfs (Figure 13).

Flow characteristics. --Flow conditions in the approach area and
in the spillway inlet were excellent. However, flow currents
approaching the inlet merged along a plane approximately 90° to
the left of the spillway centerline and caused a fin of water to
form deep in the throat of the morning glory inlet (Figures 14
and 15), The fin was in addition to the normal wrinkling of the
water surface

The throat d1d not choke up unt11 the discharge exceeded 3,250 cfs
(Figures 13, 14, and 15}, Even with 2-foot wind waves 1mposed o
upon the reservoir water surface,. the throat of the inlet did not .
choke up at a discharge of 3,250 cfs (Figure 15).

Flow in the vertical bend and conduit (Figures 16 and 17} was
steady. The air demand through the vent was not excessive
since the air vent could be closed without affecting the steady
flow condition. The crown of the vertical bend and horizcantal
conduit was free from oscillating flow and spinning sheets of
water at all discharges. However, 2-foot-high wind waves on
the reservoir water surface caused some spinning of the flow
and some oscillation of the water surface through the conduit.
These oscillations were damped out by the two 2-foot-wide guide
vanes (Figures 4 and 5} along the crown of the conduit downstream
from the face of the deflector,

Pressures. --Pressures in the inlet and conduit (Flgures 18 and
19) were satisfactory. No severe subatmospheric pressures were
detected. Pressures on the guide vanes were not measured since
a similar installation in the vertlcal bend of the San Luis Dam
spillway showed no/severe subatmospherlc pressures to exist. 3/

3/Bureau of Reclamation, Hydraulic Branch Report No. Hyd-515
THydraulic Model Studies of San Luis Dam Spillway, Central Valley
Project, California,' by G. L. Beichley,




Flow d~=pths. --Flow depths were measured in the conduit for com-
parison with pressures. The pressures along the invert of the
horizontal conduit were a little greater than mdlcated by the flow
depths (Figure 19).

Stilling Basin Test Procedures

The 1:21, 81 scale model was used to develop the stilling basin., For
most tests, a 12-inch (prototype) deflector was installed at the be- -
ginning of the vertical bend to control the flow through the inlet, and
raise the reservoir enough to increase the velocity, Vi, at the chute -
blocks from approximately 52 to 60 feet per second. For this condition
the entrance depth, D, was 2.4 feet and the Froude number was 6. 82’
This additional head compensated for model conduit roughness which

offered more frictional re51stance to the flow than designed for in the
prototype.

The model roughness coefficient, n, in the Manning's equation, is
estimated to be between 0. 008 and 0.009, which represents a pro-
totype coefficient of between 0.013 and 0.015., To be on the side of
safety, the stilling basin is designed to maintain a hydraulic jump
for an entrance velocity based on a prototype roughness coefficient
of 0,008, This would produce z velocity of approximately 65 feet per
second at the chute blocks, However, the actual prototype roughness
coefficient is more likely to be closer to 0. 013, which would produce
a velocity of about 57 feet per second

For a few tests, the deflector size was increased sufficiently to
raise the reservoir water surface to the top of the model head box,
which increased the average velocity to 63. 7 feet per second. For
this condition, Dy was 2.26 feet and the Froude number was 7. 48.
Some of the tests in the preliminary basin were made without choking
the inlet in which case Vi was 52 feet per second, Dy was 2, 78 feet,
and F was 5.5; other tests were made by choking the inlet with a

9-inch deflector in which case V] was 57. 8 feet per second, D1 was
2.5 feet, and F was 6. 44 feet.

Preliminary Transition and Stilling Basin

Description. ~-The preliminary basin (Figure 8) contained floor
baffles and a solid end «ill, The floor baffles were at a distance
of 0.8 D9 (18 feet) downstream from the chute hlocks, The
anticipated tailwater for the design flow was estimated to be
between elevations 168, 00 and 170, 00.

Flow characteristics. --At the exit portal flow conditions were
satisfactory in both the conduit transition section and the chute

; trajectory. *The flow distribution across the width of the chute
trajectory at the entrance to the stilling basin was also very good,




The stilling basin dissipated the energy very well, even at an
entrance velocity of 63. 7 feet per second and minimum tailwater
elevation 168. 00 {(Figure 20). The tailwater could be lowered

5.5 feet to elevation 162. 5 before the chute blocks were uncovered
and even then the hydraulic jump was effective. The water surface
in the downstream portion of the basin was relatively smooth.

Erosion. --Channel erosion downstream from the basin was minor
(Figure 20). At the two downstream corners of the basin the sand
bed in the model was eroded from end sill elevation 148.25 to
elevations 146 and 145, It was anticipated ‘that the 3-foot riprap
called for in the specifications would provide ample protection to
the structure.

Pressures. --Pressures in the transition, chute trajectory, and
stilling basin were satisfactory for an entrance velocity, V1, of
52 feet per second with tailwater elevation 168. 00 {Figure 21).
For this tailwater elevation, the baffle block pressures fluctuated
to as much as 5 feet of water below atmospheric. As the tail-
water was lowered to elevation 164, 00, the pressures on the
baffles were progressively reduced to a minimum: of 22 feet below
atmospheric at piezometer 75 (Figure 21).

Pressures for the higher test velocities were not recorded; how-
ever, increasing the entrance velocity lowered the pressures on
both chute blocks and floor baffles. Therefore, it seemed desirable
to develop a basin without use of the baffle blocks if economically
feasible.

First Modification to the Stilling Basin

Flow characteristics, --With the baffle blocks removed, the basin
appeared to be sufficiently long and deep to contain the hydraulic
jump for the anticipated maximum flow of 3, 600 cfs discharging

at a velocity of 57. 8 feet per second (Figure 22), However, surges
within the jump were quite large and extended beyond the end of

the basin,

Average water surfaces profiles for the design flow entering the
basin at 52 feet per second with the tailwater at elevations 170.00
and 168, 00 are shown in Figure 23, The tailwater could be lowered
to elevation 164, 00 before the chute blocks were completely exposed
and to elevation 162. 50 before the jump was on the verge of sweeping
out of the basin.

Erosion. --Erosion was minor but slightly greater than in the pre-
liminary design. Compare Figures 20 and 22.




Second Modification to the Transition and Stilling Basin

Description. --The recommended changes in the conduit diameter
and slope resulted in a longer portal transition, flatter chute
trajectory from the conduit portal to the basin floor, and a slight
decrease in the angle of flare of the chute trajectory walls, In
addition, the design flow tailwater was increased from elevation
168.00 to elevation 170. 00, and the stilling basin floor was raised
1.5 feet to elevation 146.50. The length of the basin was not
changed,

The changes in conduit transition and chute trajectory were not
made in the model since no hydraulic problems in either could be
anticipated based on the preliminary design tests. To reflect the
change in basin floor elevation without physically modifying the
basin in the model, the channel bed and the tailwater were lowered
1.5 feet.

Flow characteristics. --For the design flow of 3, 600 cfs with an
average entrance velocity of 52 feet per second, the modified basin
performed quite well, The water surface in the basin at tailwater
elevation 170. 00 was approximately the same as shown for tail-
water elevation 168. 00 in the first modification (Figure 23),

When the entrance velocity was increased to 63. 7 feet per second,
the hydraulic jump moved downstream and created a rough water
surface downstream from the basin (Figure 24)., The toe of the
jump was 20 feet upstream from the downstream end of chute
blocks with tailwater elevation 170,00, and 5 feet upstream with
tailwater elevation 168.00. At tailwater elevation 166, 00 the jump
was practically swept out of the basin with the toe of the jump near
the end sill. By reducing the velocity to 60 feet per second and
maintaining tailwater elevation 166. 00, the toe of the jump moved

. upstream to within about 25 feet of the chute blocks; however, the
jump was still considered to be nearly swept out.

Erosion. --The channel bed was eroded at the downstream corners

of the basin {Figure 24) about the same as observed with the previous
basins, However, the eddies washed in much more of the channel
banks and deposited a larger mound of material in the center of

the channel,

Pressures., --Pressures in the modified basin were satisfactory
with an entrance velocity of 60 feet per second for design flow

3, 600 cfs at tailwater elevation 170, 00 {Figures 25 and 26). The
lowest water manometer pressure was at Piezometer 67 on the

side of the chute block, and fluctuated to 6 feet below atmospheric

at tailwater elevation 170, 00. For this test condition, pressure
transducers indicated an average minimum instantaneous pressure
of 15 feet of water below atmospheric and an average mean pressure




of 3 feet of water above atmospheric By lowering the tailwa.er
below elevation 170,00 or increasing the 2ntrance velocity, still
lower subatmospheric pressures were observed (Figures 26 and
27), Increasing the entrance velocity to 63,7 feei per second
lowered the minimum water manometer pressure to 13 feet of
water below atmospheric for tailwater elevation 170. 00 (Figure 27},

Pressure transducers were attached to the piezometers in the two
most critical pressure areas on the chute blocks and to some of
the wall piezometers to measure dynamlc pressure {luctuations.
These pressures, shown in tabular form in Figures 25 and 2¢,
were measured to determine the severiiy of the instantaneous
subatmospheric pressures in these areas and to aid in the design
of the basin walls. It was decided to streamline the chute blocks
as a precautionary measure,

Recommended Stilling Basin

Description, --The recommended basin (Figure 6) was 80 feet long
with its floor at elevation 146. 00 and its training walls extended to
elevation 176, 00, This basin was 10 feet longer and one-half foot
deeper than the second modified basin and the walls were 1 foot
higher. To follow established design practices for a Type II basin,
the solid end sill of the preliminary basin was replaced with a
dentated end sill. The top edges of the chute blocks were stream-
lined with a 10-inch radius. The design flow was reduced to

3,250 cfs and the design tailwater was established at elevation
169.5 prior to installation of this basin.

Flow characteristics, --The basin performance was excellent at

all flows up to and including the maximum discharge of 3, 250 cfs
with the entrance velocity at 63.7 feet per second and tailwater
elevation 169.5 (Figure 28). Most of the surface turbulence
created by the hydraulic jump occurred within the basin rather

than in the downstream channel, which was the reason for extending
the basin walls to elevation 176,00, The dentated end sill aided
slightly in smoothing the water surface beyond the end of the basin.

The chute blocks were uncovered when the tailwater was lowered
to elevation 167. 00, and the hydraulic jump was on the verge of
sweeping out of the basin when the tailwater was lowered to
elevation 166, 08,

The performance of-this basin was an improvement over that of
the second modlfled basin and was believed to provide sufficient -
safety factor against sweepout. The safety factor and the per-

formance were improved further when the entrance velocity was

reduced to that computed for a conduit roughness coefficient of
= 0,013,




Erosion. --Erosion of the channel was about the same as in the
preceding designs. At the downstream corners of the model basin
the sand channel was eroded from elevation 3145 to elevation 3145.5,
It was anticipated that 3-foot riprap called for in the specifications
would provide ample protection to the structure.

Pressures. -~-Pressures in the recommended basin were not meas-
ured since the pressures can be assumed to be slightly higher than
those observed in the second modification due to the 0.5-foot lower
floor elevation (Figure 25}, Pressures along the sides of the chute
blocks (Figures 26 and 27) for the second modified basin will be
increased by the streamlining of the chute blocks in the recommended
basin. - ' :




Table 1

DIMENSIONS OF HYDRAULIC FEATURES

English Metric
Feature units units
Height of dam 70 feet 21, 34 meters

Length of dam at crest
Reservoir area
Reservoir capacity
Spillway design capacity

Head on crest at design
capacity

Morning glory inlet
diameter

Vertical bend center-
line radius

Spillway conduit
diameter

Drop from crest to
conduit invert

Conduit length

Basin length (portal
to end sill)

Drop from crest to
basin floor

10, 000 feet

2, 000 acres
57,500 acre-feet
3,250 cfs

3 feet

60.5 feet

16. 179 feet

11.75 feet

60 feet

327. 98 feet
160 feet

79 feet

3, 048 meters

B. 09 square kilometers

7.09 x 107 cubic meters

92, 03 cubic meters per
second !

0. 91 meters

18, 44 meters

5.12 meters

3.58 meters

18.29 meters

99. 97 meters
48. 77 meters

24, 08 meters
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REPORT HYD-S517
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Figure 9
Report Hyd-517

B. 3,600 cfs

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE PRELIMINARY INLET

1:21. 21 Scale Model




Figure 10
Report Hyd-517

B. 3,600 cfs

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE PRELIMINARY VERTICAL BEND

1:21.91 Scale Model




FIGURE 11
REFOAT HYO-817
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Figure 14
Report Hyd-517

800 efs F. 3,600 cfs

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE RECOMMENDED INLET APPROACH AREA

1:24,52 Scale Model




Figure
Report Hyd-517

800 cfs ). 800 cfs with waves.

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE RECOMMENDED INLET

1:24. 52 Scale Model




Figu
Report Hyd-517

A. 3,250 cfs

B. 3,250 cfs

with reservoir waves.

1,500 cfs

D. 1,500 cfs

with reservoir waves,

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE RECOMMENDED VERTICAL BEND

1:24.52 Scale Model




A, 3,250 cfs

B. 3,250 cfs
with reservoir waves.

C. 1,500 cfs

D, 1,500 cfs
‘with reservoir waves.

SAN LUIS FOREBAY DAM SPILLWAY
FLOW IN THE RECOMMENDED CONDUIT

1:24,52 Scale Model




FIGURE |8
REFORT HYD-517
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FIGURE |19

REPORT HYD-5IT
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Erosion after 2 hours of model operation
at 3, 600 cfs.

Note: V 3.7 fps and D, = 2.26 feet

SAN LUIS FOREBAY DAM SPILLWAY
FLOW AND EROSION IN THE PRELIMINARY BASIN

1;21.91 Scale Model




FIGURE 21
REFPOAT HYD=517

S5TA. 5434.19 STA. 5+54.19
r,--Sfu 4+419.29
i .. t-Sta. 4+3929
+ Tronsitign |
s 1o gt i

seesemens (Bt @ ommmm oo s e

E1145.00-., ¢

STA. 5+24.29
Elevations typical for
piezometers 77 thru BS.

Averuge---._\,'
1
|

57Ta. 5+84.!9
1510, 5+19.29 Sta. 5+89.29-
Stilling Bosin
--5ta. 5+37.2

Ry

EXPLANATION
SYMBOL DISCHARGE
3600
1800
3600 166.0
—— s — 3600 164.0

9,= 2.78' at Bosin width 25
v, = 52'758C.

TW. EL
i68.0
170.0 ..

4- i
. e

J e
211 160.00

~---Minimum and Moximum pressures
at Piez. for vortous T.W. Eley,

£t 147,50
! v EL149.00

N:‘ F,EI. 145,00

“~-poffles
{See Detail 2)

A
“Chute Blocks
(See Detail 1)

e

¢ SEGTION
3 ~Minimom ond M/d—iirnurn pressure

“ at Pier. for Toilwoter E1.{6B.0
et ;

: -}-T.w. £ 170,0
TWT.W. EL 168.0

T

¥ Piezameters 70. 7L, and 72 ore
on dewnstreem foce of chute
blogk. Mo 70 is on £ No 73
is on the ficor ¢t downstreom

-
LW EL 166.0
W. El 164.0

d i
s-Minimum ond_Moximum pressures

{ ot Piez.(74) ond (79 for

vorigus T W, Elevations. 3

9 4Iﬂ

] 19 e
lpeatianl | 1

corner of chute block.

T~
$&d¢@

DETAIL |
CHUTE BLOCK

NOTES

Designates piezometer locotion.

a0
! Elevotion ¢f piez. openings 15

STRUCTURE SCALE

iH FEET

{See Explanationond Notes)

DETAIL €
DAFFLES

o atmospheric prassure datum.
2! .

PRESSURES IN THE PRELIMINARY TRANSITION SECTION

18 =]
[P | | ]

PRESSURE SCALE IN FEET CF WATER

SAN LUIS FOREBAY .DAM SPILLWAY

AND STILLI!NG BASIN
1:21.91 SCALE MODEL




e

5

T

3,600 cfs T.W. Elev.
170.00

L -

C. Before ercosion test. D. Erosion after 2 hours of
model operation at 3, 600
cfs.,

Note: V, = 57.8 fps and Dy = 2.5 feet

SAN LUIS FOREBAY DAM SPILLWAY
FLOW AND EROSION IN THE FIRST MODIFIED BASIN

1:21. 91 Scale Model
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Figure 24
Report Hyd-517

R
,.L,.‘{'{:?.i}:-

170.00

fore iy
ARTER N AR

n 14

B. FErosion after 2 hours of model operation at
3, 600 cfs.

Note: V4 = 63.7 fps and Dy = 2. 26 feet

SAN LUIS FOREBAY DAM SPILLWAY
FLOW AND EROSION IN THE SECOND MODIFIED BASIN

1:21. 91 Scale Model




FIGURE 25
REPORT #YD-512

108 Redis

sSTaA. STA. 4+37.30

reree-25.00"

P

g
Chyte Blochks "

STA, 5+24.28
Elevotions typicol for
niezometers 77 thru. BS

STA. §+18.29

-t

W
it

I

5TA. 5+34.19 STA. 5+54.19

STA, 5+74.(%: 5TA. 5+B4';‘19_7

~Sto. 4+39.29

* DYNAM|C PRESSU S e ---510. 4439,29

N FEET QF WAT

ma
Jm
wn

~5tg. 5+19.29
iTromsition | i - :
,r_g_n_s_l__lw.ﬂjj CChuta: ammeremrmm e emamn e mie e oe-=-Gtilling Basin
|
|
;|

'-r‘
T e 17200 !

AT -5t 5+04.29 EFITS.50-..
0 %“' ;

Sta. 5489209,

AVERAGE
MINIMUM

MA X INUK

HiUMBER
AVERAGE

S 1A LWATER
ELEVATION

PIEZOMETER
MAXIMUN
FLUGTUARTION

~Chute Blacks

Hes0n gy 146,50,

1
@ For chute block pressures see Figure 26

& SECTHON;

Presspres ohtoined by fronsducers.
Tallwoter elevation”,hown ore far
the modified basin,

EXPLANATION

=w———— Woter Monometer pressure grodieats
for 3600 cfs at tailwater elevation
170.00 in the modified basin and
for 3600 ¢.fs. ot tailwater eievation
169.50 in the recommended bosin.

—— wumm Water Manomeier pressure.grodients in
preliminory transistion god chute for
3600 cfs. gt 1oilwoter elevotion 3170,

-] o W9 2 30 ap 80
Tl | ! 1 £ J

NOTES

@ Designates piezometer locotion
Elevation af piezometeriapenings .
15 atmospheric pressure dgtum.
Average entrance velocity.v,and
depth D, equol 60 feet per
setond and 2.4 feet respectively.

) 1] 1=} 2D
[ | H —

STRUGTURE SGALE — N FEET WATEP MANOMETEA PRESSURE SSALE

Subtroct 0.5 feet for 1he recommended 'K FEET OF WATER

besin.

SAN LUIS FOREBAY DAM SPILLWAY
PRESSURES

IN PRELIMINARY TRANS!STION AND GHUTE,

SECOND MODIFIED BASIN, AND REGOMM wiED BASIN

1;21.91 SCGALE MCODEL




FIGURE 26
REPORT HYD-5]7
e -

Fluctuasion-4 /;/ 777
| A 20,04,
LeLilf

.

WATER MANDMETER PRESSURE DIAGRAM

10 o] 10
[P RPSTRR |

WATER MANOMETER PRESSURES (N FEET OF WATER

EXPLANATION
All flows = 3600 c.ts.
e -—-— Tqilwater EI. (72,00 ¥ DYNAMIC PRESSURES
Toilwater Ei. 170.00 IN FEET OF WATER
——rc—e-— Toilwoter £1. 168.00
+ee——-r-— Tgilwater EI. 166.00

FIEZOMETER
MNUMBER
AVERAGE
MAXIMUM
AVERAGE
MINIMUM
MAXIMUM
FLUGTUATION
TAILWATER
ELEVATION

29
1y
20
72 i
- a

NOTES:

@Desiqnuies piezometer iocotion, Elevation
of piezometer openings is gtmospharic
pressure datum. is on tha bosin fioor.
Enfrance velacity ot chute blacks v, and
depth 0, equol 60 feet per second and T2 0
2.4 feet respectively, See Figure 25 for 67 | -1l
agther basin pressures, T2 | -9

s ® -
P
3
LI

w
(.3

* Pressures obtoined by
transducers.

SAN LUIS FOREBAY DAM SPILLWAY
GHUTE BLOGK PRESSURES IN THE SEGOND MODIFIED BASIN
i:21.91 SCALE MODEL




FIGURE 27
REPORT HYD-517

1

MIN, WATER MANOMETER PRESSURE - FT. OF HpO
I

66T

Discharge Q@ = 3600 c.fs.
Velocity Vv, computed ot
chute blocks for basin
width of 25 feef.
Baosin Apron ot EL 146.50
Tailwater af EL 17C.00

SAN LUIS FOREBAY DAM SPILLWAY
GHUTE BLOGK PRESSURES ¥S.ENTRANCE VELOGITY

IN SEGOND MODIFIED BASIN
1:21.91 5CALE MODEL
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o ‘ [ B
0 i w 1o L ’ Lt L
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Figure 28
Report Hyd-517

4T
A -
L el

AEBACS by

A. 3,250 cfs T.W. Elev. 1698.5 B. 3,250 c¢fs T.W. Elev. 169.50

Note: V; = 63.7 fps and D, = 2,26 feet

C. 900 cfs T.W. Elev. 165.25 D. Ercsion after 2 hours of model operation at
3,250 cis,

SAN LUI5 FOREBAY DAM SPILLWAY
FLOW AND ERQOSION IN THE RECOMMENDED BASIN

1:21.91 Scale Model
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CONVERSION FACTORS--BRITISH TO m:.': UNITS QOF MEASUREMENT

The following conversion fecturs mdopied by the Buresu of Reclamation sre those published by the American Society for
Testing amd Materdpls {ASIM Metrde Practice Gidde, Jamuary 196 ) ercept that additdomal factors {») comnomly used in
thbe Buresu have been added, Further digcusslon of definitdoms of guamtities ard units lg glven on pages 10-11 of the
ASTM Metric Prectice Culde, .

The metric urdts and canversion factors adopted Ly the ASTM are based an the "Imternational System of Unite™ (designated
SI for Systeme Irternational d'Unites), Cfixed by the Interasationsl Committee for Wedghts and Measures; this gystem 1a
elso known ep the Glorgi or MKSA (meter-idlogram {mass)-second-empere) system, This system hag been sdopted hy the
Icternatione? Organization for Sterdmrdization in IS0 Rectmmendetion R-3l.

The metrdc techrica) urdt of force is the kMlogram=farce; this 45 the forae which, when applied to a body having &

mess of 1 Xg, gives it an acceleration of 9,80665 m/sec/sec, the mterdard acceleraticn of free fall toward the earth's
center for gea level at 45 deg latitude, The metric unmlt of force in ST unmits is the newton (N}, which is defined as
that force which, when epplied to a body having & mass of 1 kg, glves it en ecceleretion of 1 m/sec/sec. These units
must be distinguiehed from the (incanstant) local wedght of e body having e mess of 1 kp; thet 1s, the weight of =

body 15 that force with which a body 1s atiracted to the esrtn and i5 equel to the mass of & body multiplied hy the
acceleration due to gravity. However, because it is general practice to use “pound" rether than the technically

correct term "pound-force,” the term "ldlogram* {or derdved mess unit) hars been used in this guide instead of "ld.'l.ogra.m-
force” in expreeeing the conversion factors for forces. The newton unlt of force will find increesing use, and is
esgential in SI units,

Teble 1

QUANTITIES AND UNTIS OF SPACE

M, .
Inthea

. Micran
. M1limeters
.54 (exactly)n . Centimtera
30,48 (exaetiy) . ., . Centimetara
0.3048 (m:t‘_y)* . Meters

Feet
: . 0.0003048 {exactly)w Kilometers
3

Yards, 0.9:44 (exsotly) . . weters
Miles (statute) + 1,609.34L (exmctly)+ . Meters
1.609344 (exartly) Kilometers

AREA

Square inches.
Square f=et, .
Square yards .
AcTes, . . .

&.4516 {exactly) . Square centimeters
929,07 (exactly)s, . Square centimeters
0.092903 {exactly) SguaTe meters
0.836127 , Square meters
0.40469% Hectares

4,046.9% . Square meters
0._0040560 Square lometers
2.98999 Square Xiloneters

Square milem

Cuble inches 16.3871. . Cubic centimeters
Cubic feet . . 0.0283168 . . Cuvic metera
Cublc yards. Q.6 555, . Cubic meters

CAPACTTY

Fluid ounces (U.S5.}) 29.5737. . Cubic centimeters
29.5729. . Millilitere
Liquid pints (U.5.) Q.47179. Cublc decimetera
0.472166, . Litern
. 9,463.58, . . Cubic eentimeters
. 0.946358, Litera
. 3,785.43 , . Cutic cemtimeters
- 3.718543 . Cubdc decimeters
. Litere
. Cublc meters
Gallans (UK.} . . Cublie decimeters

uarts (U.S.}.
Gallons (U.5.}

Liters
Litere
Liters
.l Cubic meters
1,233, 500+ Liters

Cubie feet. | .
Cuble yardas .
Aere-feet, . .
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Report No, Hyd-317

G. 1., Beichltey .

HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM
SPILLWAY

Laboratory Report, Bureau of Reclamation, Denver, 13 p, 28 fig,
1 tab, 3 ref, 1964

DESCHIPTORSa-53‘5'[5i11\vays,f spillway crests/discharge coefficients/
hydraulic conduits/bends/hydraulic models/plezometers/*stillin
basins/guide vanes/hydraulic jumps/hydraulic similitude -

IDENTIFIERS--*Morning glory inlets/subatmospheric pressures/
conduit deflectors/baffle blocks

Report No. Hyd-517

G, L, Beichley

HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM
SPILLWAY

Laboratory Report, Bureau of Reclamation, Denver, 13 p, 28 fig,
i tab, 3 ref, 1D64 S

DESCRIFTORS--Spillways/ spillway crests/discharge coefficients/
hydraulic conduits/bends/hydraulic models/piezometers f*stilling
basins/guide vanes/hydraulic jumps/hydraulic similitude

IDENTIFIERS--*Morning glory inlets/subatmaspheric pressures/
conduit deflectors fbaffle blocks

G. L, Beichley

HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM
SPILLWAY ’

Laboratory Heport, Bureau of Reclamation, Denver, 13 p, 28 flg,
1 tab, 3 ref, 1964

DESCRIPTORS--*Spillways/ spillway crests/discharge coefficients/
hydrzulie conduits/bends/hydraulic medels/piezometers/«stilling
basing/guide vanes/{hydraulic jumps/hydraulic similitude

IDENTIFIERS--*Morning glory inlets/subatmospheric pressures/
conduit deflectors/baffle blocks

Report No, Hyd-5617

G, L, Beichley

HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM
SPILLWAY O

L.aboratory Report, Bureau of Reclamation, Denver, 13 p, 24 fip,
1 tab, 3 ref, 1264 i ‘

DESCRIPTORS-~*Spillways/ spillway crests/discharge coefficients/
hydraulic concluits)'hends%lydraulic madels/piezometers/Fstilling
basingfguide vanes/hydraulic jumps/hydrauvlic sirnilitude

UjEN'FIFIERS-—#Moming glory inlets/subatiospheric pre gsures/
conduit deflectors/baffle blocks :




